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Gel Permeation Chromatography (GPC) separates polymers 
based on molecular weight and can be used to determine 
relative molecular weight and PDI
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Polymers are made of repeating 
units called monomers that are 
connected by covalent bonds
Chemical functionality and 
architecture of the polymer 
affect macroscopic properties
Polymer Basics
Common Polymers
Silly Putty® exhibits 
viscoelastic behavior
Nicotine patches are a 
transdermal drug delivery 
system made from polymers
http://www.limeworld.com/img/jello.jpg
Polymerization Mechanisms
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Fractional Monomer Conversion
Chain Growth
Step Growth
Evolution of molecular weight as a function 
of polymerization mechanism
Initiation
Propagation
Termination
“Smart” polymers have tunable physical properties
 Dependent on pH, temperature, and/or salt concentration
“Cloud point” 
 The temperature above which a “smart” polymer aggregates in 
solution
 Indicative of the stability of the polymer’s interactions with solvent
Chain Growth Mechanism:
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Atom Transfer Radical Polymerization
Atom Transfer Radical Polymerization (ATRP) is a “living” 
controlled free radical polymerization technique
 ATRP is a polymerization technique that utilizes an 
equilibrium between a dormant carbon-bromine bond and an 
active propagating free radical
 Limiting the concentration of free radicals in solution 
minimizes termination reactions
 Poly(2-(dimethylamino)ethyl methacrylate) (PDMAEMA) 
synthesized by ATRP yields polymers with a narrow 
distribution of chain lengths
 Cu(II) can be added to provide more control of the 
polymerization
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Polymer Characterization
Polymer Functionalization
The t-butyl group on the PDMAEMA chain end can be converted to a 
carboxylic acid using trifluoroacetic acid (TFA)
TFA
NMR spectra of PDMAEMA before and after TFA confirms 
conversion of t-butyl groups to carboxylic acids
A scanning electron micrograph of PDMAEMA synthesized by ATRP.
Thermoresponsive Studies
PDMAEMA will reversibly change water-solubility as a function of both pH 
and temperature
The pH of the environment alters the protonation of the amines of PDMAEMA
The cloud point of PDMAEMA can be identified by UV-Visible 
spectroscopy
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UV-Visible absorption data collected for PDMAEMA in pH 7,8,9, and 10 buffer 
solutions. Data was obtained from a Varian Cary Bio 50 UV-Visible spectrometer.
Future Projects and Research Goals
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• Atom transfer radical polymerization is a controlled “living” 
polymerization technique that yields polymers with a relatively 
low PDI.
• The functionality of the end and side groups present on 
PDMAEMA can be tailored for further synthesis, as shown by 
results from NMR spectroscopy.
• PDMAEMA is a “smart” polymer that reversibly self-assembles 
in aqueous solution as a function of pH and temperature, which 
is defined as the cloud point.
• Future goals include synthesis of comb polymers, diblock comb 
polymers, and studies to determine the effect of architecture on 
reversible self-assembly.
Block copolymer
Micelles Polymersomes
Comb-like copolymer
= hydrophilic
= reversibly 
hydrophobic
“Smart” Polymers
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Combination:
 While chain growth polymerization results in high molecular weight 
polymer chains very quickly, termination reactions lead to large chain 
length distributions
 Use of a “living” polymerization mechanism minimizes termination 
and results in a narrower distribution of chain molecular weights
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Initiator
t-butyl α-bromoisobutyrate
Monomer
2-(dimethylamino)ethyl methacrylate Poly(2-(dimethylamino)ethyl methacrylate) 
(hydroxyethyl)methacrylate
Macromonomer
Overall scheme for the synthesis of the PDMAEMA comb polymer
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The behavior of PDMAEMA in aqueous solution depends on pH, 
temperature, and salt concentration
temperature
XPS Multiplex Results
Element Transition Peak Position Area RSF Corr. Area % Comp.
Bromine 3p3/2 181.4 1221.7 3.31 369.09 1.04
Carbon 1s 285.16 25838.7 1 25838.70 72.84
Oxygen 1s 533 16756 2.93 5718.77 16.12
Nitrogen 1s 402 3900.6 1.8 2167.00 6.11
Chlorine 2p 3/2 197.7 1828 1.51 1210.60 3.41
Silicon 2p 102.5 137.8 0.817 168.67 0.48
Aluminum 2s N/A N/A 0.753 0.00 N/A
X-Ray photoelectron spectroscopy results for PDMAEMA synthesized by ATRP.
NMR spectra of monomer – 2-(dimethylamino)ethyl methacrylate (top) and polymer – poly(2-
(dimethylamino)ethyl methacrylate (bottom)
Jell-O® is an example 
of a natural polymer
B
Broadening of the NMR peaks indicates conversion of 
the DMAEMA monomer to the PDMAEMA polymer
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ATRP
silicone
Polymer Sample Mw (kDa) PDI
Free Radical 230.3 2.43
ATRP 40.0 1.08
Polydispersity index (PDI) is a measure of the distribution of polymer chain 
lengths
??? ?
??
??
If PDI
= 1, monodisperse polymer 
< 1.5, good PDI for ATRP
> 1.5, typical for chain growth polymerization
SEM and XPS provide additional characterization methods to confirm 
sample composition and purity
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